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. - < largé minima and 1rreIgular1t1es in the smoothness of the” phase spectra occur. *. r /
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- ) ' . Measurements made from the r/ecordedwlia—yl_e‘x‘gj _u_r’aveform to ) N i :
= deterrnme group Veloc1ty, ‘phase 3&135&%:1 source Qe ;th are strongly 1nfiuh-.” U hﬁ"’i
“/ &, " fnced by multlpath propagatxon y1e]dmg results whlcn are d1ff1cult to int lrpret In -
- _ ;‘ add;txon‘ vanou‘s’d_xvc;rmnants calculated from the cont'tmmated Rayle'gh t::ave ) i; 0
E =~ (specEral ratio, MS\'KR RMS Mchlrp, etc.) are not representatwe ok the A "?
: ’ Raylexgh wave _excltatmn at the sogrce., /»"‘/7/', = o g}‘ \ -
:i ‘- ‘.-" \ , I ) . The analys1s preSented here then is concerned with recozer /// - ; g
_‘ the sxgnal and the multipath opew\for from the recorded 'RayLe1gh waveform i}

2 _ , Homomorph1c deconvolutmn usmg a generahzed concept of lmear fllte;-mg b v

s ‘. .

/ -7

T ' -, pagatxon 1s£mod\ as/ the convolutlon of a =,1gna1 with a mult&path Oper’ tor




-~

' // ' ' tinuous and>t/:h/us/ log X(z) -l(og S(z) + log m(z) ‘ ‘ "ﬁ

" que. He g1ves a-detailed analys1s of homomorphic syst\ms for\deconvoluh/on

'SECTIONII /' .
. TECHNIQUE

Schafe?@é% has presented a“ylew approach to separating convolved

signals, The a.pproach attempts separatmn/_usmg a"complex cepstrum" techni-

— -
and apphes the- techmque to.a class of signals in which one of the members of

~, 1.

the convolutlon is an impulse train, The techmque is conceptually 51mple and

is summ:«_),nzed aS°f0110WS .

- A

e _ The problem here is to est1m e’a mgna(S?t) which has been
comphcated by a few, mult1paths—m B}
LT path operator)A Math/atl/ ally the problem is X(t) = S(t)

7 V, -0 -mm(t), where 'r>$/co&wolpt/1on and X(t) is the observed

AN
L]
—~—C

wavefo?//' - /// . T \

) /Theé or- “ouner transf_or”r;).s taken and thus, X(z) = S(z) m(z).

- /// T\tog\og((z) 1s taken ,and/the 1mag1nary partns made con /

.- 2 v . ~

o Log X(z)/s treated asa complex time s.enes and a. hnear -
-

f1lte/,1/15 used t(i separate log S(z) and log m(z) Basc1ally, \/’- 3

' - \ . . 6 R /I
.Y Aot 6v\‘;r1‘\ap. g‘featly. . -, .»\-. R
, P ;o ‘ B
B - ~ " . ) ¢ . . / / y
‘The exponential is taken to ge'tbb‘ack to'an estimaté of ) ,/

»

S(z) dr m(z). There is no dmbiguity here' as exponenti'ation .

will map any one of the mult1valued log functmn values back

mto the same. complex mgmber . 1;

— -t
- 0

Inve,rseftr/ah_;fprm',to get an estimate of é(t) or mit).
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3 * - This technique has been used successfully by’ Schafer-in separatmg speech. . - { £
L signals into their more bhsic components and,m'r/mrmg echoes from speech- . 3
2 . -data, The crucxal link in this techmque is whether or not iog S(z) and log m(z) % : f
" - 7 are separable or multlpath Raylelgh-wave "data. - The numerical procedtn@’s/ A )

: given by Schafer were programmed flor the 5/360 computer and synthetic wave-_ S N

.- forms representing fairly sunple mult1pat;{1 Ray_l_g_gb_ﬂz?ve 1gecord1ngs were
e

used to determini- the separatmn ob@e. The sequénce of numencal calcu-
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A SEGTIO\N - :
THEORY AND COMPUTER APPLICATION "’ROGRAM i B
Y / -
- 'b,..*‘,_: T - % . . /

]
— oo
- N - ,
. Homomorphic deconvolution is-based on transforming a convolution

4

of waveforms into a sum, using-a linear lter system to separate the additive"

components and transformmg the result back to the original input Space * The

.

numencal operatlons performed are _“mmanzed as folldws '

“ . /i . . ’/ - % \ . o 0—'6‘,9 / \
/. :
o / \ '\ .-, . ,c .. , .
VAR / o= , ‘ ,
/-—H N e = S ———3- MAKE PHASE |—— o
x S S Tog |x; -CONTINUOUS  Jlog IxK |
: _ . § COMPLEX AND ROTATE | . ° a
. cFF L I CocariTam ' TO REMOVE BN LN B
1 = 7 ., * L LINEAR PHASE ‘
1 —>1 - ——1 COMPONENT _|——> *°  1—>
' frome X, l — ARG [X . - arg[X}_,—

P

'.-

- a linear ﬁlter is apphed to the compléx ‘._epstrum 4 to obtann 9

then, . , .. o
A . Dog Il Y. y
&y L . “"HPLEX o :
FET © | ExponentiaL |~ .| IFFT L
RN S s Q
ars b v L
= . ’ : e /
‘ —— A / \ -
the output y is the estimateéjof Sl(i) or' mit). _ /

- w\ - !
{’Q\ First, the fast FTurier transform (FFT) is taken /

. . - /
. \ /

=
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The sign of X(o) is checked ard if.negative?the si%n of X(k) is changed to remove
the constant phase component.’ This-is remembered and the sign of Y(kj is

subseciuently changed in the inverse syétem.. The co_rnple:‘t logarithm is taken )

{w - \ "_
b ’ X(k) = log [X(k)] & log |X(k)|- +i ARG [X(k)] ®i2xq k= 0,1,...,N-1
; : _and the pri_ncibal value ARG [X(k)']l when q. = (:?ta'ined, where <
e — . \ - ;\ . * ) . . , ~
; . -%<ARG [X(l<x - - T
3 ‘The complex logarithm is multivalued and must be defined such’that there is

2
-

no ambiguity wit}‘l'?espec't to its \ithaginary, part by choosing the ingager q which

by

makes the discrete phase values approximate a continuous phase function. This

i ol

- may be accomplished even for ra;;idly varyin—g phase angles provided the fre-
: quency samphng is fine enough by either one of the two subroutmes SCHAFR or

AARON;, SCHAFR uses a first difference and AARO\I uses a one.pomt prediction

3 o . error to detect jumps in phase-of 2x . I‘he mgut slgnal is augmented with zeros

- ] -

to give an mput trace N sample pomts in length in order to obtam the fine fre-

. quency sampling needed The value N is a vanable input parameter to the pro-.

SAACER I e

gram. The estlmated phase curve is then rotated by removing the linear phase

‘ " component and arg [Y] is subsequently reverse rotated in the 1nverse system.
’ ’ Next the invérse fast Fourier transform (IFFT). is taken. ‘
3 , ‘ - . | e
9 : N-1 - i2K kn | - : : ' BN
3 ¢ A / . L
R =l s xXe N/ n=0,1,:..,N-1
N k=0 A ’ ' o \\ . - -
- —yielding-the-complex—cepstrum E i ‘
i« " P 0
‘{ . ’ The part due to S(t) in the comnlex cepstrum is prlmarllv concentrat- . :j
1: U0 i i %
3 ed in the "short tlme region whxle the impulses attributed to m(t) occupy’ & SN
2 o . R ,
b N e . . t
$ the * long time"' ref.,xon. If these signals are¢ s{parated in "time", then a linear . i3] ¥
- g I
4 | i filter system can be used to separate the signals from one another. A short- ', L i

;')ass o® comb filter aystem can be used to remove the impulses due to m{t)

T, v !

e - . . . j) 6 . services group o

3 from the complex cepstrum While retaining most of the part attributed to S(t). ”
. ) N . o3
Similarly, a long-pass filter system can be used to remove most S(t) while . g

'W

| S

-
v nen

S B Y £
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} B ot o . : - — .
ot ' . . . : . '
¢ . . . oo ) . - :
: ’Lﬁ retaining the part due to ma(t). " The complex cepstrum x,
” . Vo - - PR Ve

once calculated, <is

2o

sa_\}ed and the progra°n; frecyk:les- to read input filter parameters, ai)ply the

’

A filter to the complex cepstrum and calculate the output of the inverse system.

E. ; . b s _ . . L.

4 This allows the analyst to obtain outputs for a suite of filters for interpretive

A . . , . oG . :
I purposes. The short-pass linear filter ‘system ,:/S defined as N 5
5 . & ; ) N~ - i
XN , ’ . . . ol e

" }: ' ) 4 ’ ‘ . . H -{
I B . f(n) = 1 - .-n_<n <n + ' ¥
J .“ X i \ 2
E =0 . elsewhere . . 4
3 } 3 \\ * . ‘ N : i g
3 3 ; N .

S : T f(n ) . \\

' v . . 1 . [ ., ) /’ - ,

- Y ’ ' ’ ! B

3 ' « i : >

2 ! P N N

. o~ i - -n - 0 ! L + YU GO —

1] - T ) : ¥ . . .
(’ t 1 . , v -",‘ . . ) . . /
1 where n and n, are integer input parameters. The long=pass system is ’ )
3 Fad ’,\ ’ N K - . .
Eo 1| défined as™ - £~ - ° 3
3 i ' ’ ' l = * 3 :
b . ) : { 4 ‘ %

C ! : / ’ )
K : : fn) = O . ’ ~=a_ - <n <n -,
. % . / - - : + .
- ' - 1 / elsewhere ‘

.
« .
»8 /

¥

o
3
;

e

' / S I (L'

A S e LN p—
X
h—————
h A
1
¢
b |
e
.

>
- y : v ) r 4
A ’ _n °
; o _ . . . n+ ~ n
1 )\ L/ L V . -
3 i where “x}_ua_pd__n._* are integer input parameters. The comb filter system is
: defindd as ' . '

E e
3 .

7 [

7 i

»

3

3,

- . An v
: fn) ={0 ~. # - ™k <n<n 4 K . -
; i 3 o .t k '—_2— ’“k 1.2 - ];, %)4 ° o
b n : 1 els ewhe"{e . N

| R, (L . . S

i §e a ‘ ) 1 //

3 ———H&—An— —An—I=  —A n—>p<

;» ! > 1 [ 1 . [l . - -
28 \ f n, R . h3 / -7
‘,whe’i\e n and “ An are input parameters. i / '
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. The filtgpwsems"afre' appli'e§ in the program by zeroing the approi

priate po'rtions of the comple'x cepstrum. -The sharp cutoff of these ﬁlter' systems
54
" will produce rxpples in the transform of y,therefore an optlon is prov1ded to

-

mod1fy the filter ampll\tude functmn with a cosine taper giving smoother trans1-<3
3

i
v
, -

tions between one and zero.
N 0

The flltered complex cepstmm y then is mput ‘to the inverse system

wherc\: the FFT is taken, the imaginary part reyerse rotated, the complex

‘ expone\ntxaI' taken,and the IFFT taken to yleld the filtered output y;.

w— %
! - .

Preprocessmg of the mput signal can also be performed by the

prc-gram when necessary.. First, the meanis removed and the 51gnal is. trun-

cated at the nearest zero crossing at each end. A zero-phase bandpass fllter

\

is de81gned and convolved with the sxgnal to allow decimation, the cutoff fre-

quencres and decimation interval b 4ng variable mput parameters. If the

e

in order to make the sequence, more like a m1mmpm pha.se sequence. It h ]
been emplrxcally observed that this v;;llﬁi;sure that the part of the compl

¢

- strum attnbuted to m will occur in: the reglon t z t1 where t1 is the spac ‘,g

ponential window to thegnput s{ézquence.g - f"

~

o * ° , N

- 4 . A ,’ . '
o wi(t) = o x(t)- | . 0s t<L :
v / ° ' -,
. ., = 0 . / ~ elsewhere -
‘where| o ‘ < 1, L is the length of the input windo/v(r and a is a yariable e s B
input parameter. Subsequent calculatioris are performed on the exponentially

N

wexghted input sequence, and the output of the inverse system  then uhweighted .
usmg the same value of a. / )

Iry addition, the program generates CalComp plots ofnvlrious e
A

functions obtained during the sequence of calculations to allow visual analysis of

jained during.the 2 ;

the results. -

o 7 '
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. SECTION IV

- . . . -

S R ‘ PROGRAM TEST CASE 7 : ’ o3

N
)
.
*
.
.
(\‘
,
.
@
.
.
5
REPROY

! - ° . . / e - . >

! ' " 4 ‘ . i . P ‘ A\ . 3

: 4 \\ In order to checl the programmed lprocedures, simple example T L
g1ven by Schafer was processed thirough the program. - - 4

o B . o Lo !{\ - - ’/' < s, N 24
e Input to the program is the sequence X whose values are: - s .
R ; . . . / . TG

.. ! . . . ) L .. ‘ > N - - E

Yy . oy - J 3

2 D XD = s S,0 = S0 m(t) S~ O
. i N . . . i . o e «

. ¢ where the sequence*ﬁ*has*vaiueS”“*"”‘. o C

- D - ¢

) S
(s ‘ ‘, N e /

-

) - < . LA

Y jysl(t)a,_ 2 ' - ) ; \6"5?5‘{_00 A / -]

1
ot
[

- ,
AR
§‘ ,,‘ . s . - / /f; T, ‘. \‘// o ; ., 1;«‘
Hit- - = 0. | y - lseWhere L AN
- ; ) s ’ * ¢ . T @ . . . ) // c e \\» 6 : E
{;ﬂ e . . ,‘ R . © 1 ~ /o P |
&, 4 . . f . . N . N . . | ‘;i
5 ~ N e e ¢ ! M v
2 ’ ) and the sequence S has «values ' : . . L e 3
R v B . T SR L TNy A
-1 R o /- * . o / L [
! - N a / , 3 / . . .
L S,(8) = aS(t-t) " . : *. 80<t<=880 ' '
: L , A L Y . . , 3
5 ! - o

A R IR R A ARk 4{5:&'”{{:, LR

A EN . ‘ i L, ‘ ;‘ -
i‘?«\ 3‘ - t l ) \ . A - . N
by \ o Y .- N - o

oo . \ and . N

? ‘¢ * R - ) ' ’ : .

v :4 - L . A — - ) \ a N

" A v . -
v o * . . . . . e ) .

e = « _ - . .

1y mph =80 Fadler) 3T R

AR o o -

v ~ ’ . ;‘ M ~

N For this example, a = 0 96 az'0.5, ‘t\ = 80 and the value N fo#} the e

3 i > N .

ey P « i . o, ) =

= - ast Fourier transfoxjm was 2048. : ¥

. , -

: \ g

N -
in Figure. I -.1 Shown in the *fxgure, proceedmg from top to bottom, are . ,

Si‘.(t)” (t) and thelr sum X(t) Next shown affe the real and imaginary parts °

) of the complex logapthm of the FFT of the;inp t X(t) The imaginary part D

°
. . v P ° .
\ - > ‘ -
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. . . - L Sh L L, v
f - [ . . ' .’ .&. . . k
ot - . . . ~ {3
: ; .. ) _ _ /- e
L, has beex;n made continuous and‘then rotated to remove ‘the hnear component ) J 4
. . ‘The IFF T of the real and imaginary parts gwes the complexocepstrum\. For __ 3
p: - i
: S ‘this exa'nple the input X(t) is m1mmum phase, after rotation, yleldmg a S } -3
E , complex cepstrum that*1s zero for t< 0 The part due to S (t) is prxmanly ) . ) I
. Ain the "short time" reglon from t= 0 to t= 80 The 1mpulses due to the . ﬁ 7
. echo arie.m the "long tlme" regmn and occur ab t 80 t = 160, etc. The )
o i complex cepstrum is then short-pass f11tered at sample point 74 and the FTT_\ S B i
: ’ ) M / ,
2 .taken‘.' The re%gl part shows the effect of removmg the rap1d1y varying component PO \:
2 due to m(t). THhe 1magmary parﬂ'\is reverse rotated the comple:?expone.ntlal I ’
"+ taken and the IFFT ta,ken to yleld the short-pass output which is the estlmate ~ — i
« s ~ - . i -4
~ of S (t) An error trace is calculated [S (t) minus the shorbpass output] which Li ] é
. o shows ghfat the output of _the short-'pq?\'s\s system est1mates S (t) juth neghglble R
k- - . e
b ’ y, B
/et .errox. Next, a long-pass filter at sample pomt 74 is apphed to the complex I i It
= 2 ' . ‘0 -1 9
L cepstfum and procecs"d as, before. The real part shows the ‘effect Qf removmg . ﬁ 3
ﬂ N the.~slowly varying component due to S (t) The output"of the IOng-pass system . | 3
U ™~ o B Bf:
A ) ) ™~ : 3
E /o *(bottom trace, prgure IV 1) yxelds m(t{v&uth neghglble err/or . i’ .. e
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. o - CEPSTRUM .Q\ALYSIS OF SYNTHETIC MULTIPATI-: Tt ‘
3 - - - RAYLEIGH WAVES L ,‘ .
P R ST L T . - L i~
- ) Seven syntneuc wz&eforms with szmnle multisoirce andlor multi-
. - ? -
i pzzh R‘yletgh wave chzracte,nsbcs were processed using tn‘ comlex—cepstrum
P " /fechmque in order to determme the separation obtainable between S(t) and m(t) =
'T " . i Jand t0 serve as an aid in interpreting subsequent outputs obtained from actual .
- - - o * . - - P -
A i u .Rzzleig:n wave recorxdings. - . f’ . . .
A . - B , - R :
i - £ » - £ - -~ ..
c . - The waveforms used’were‘*produced by adding together two or more
7z cosme-tageéd chirp wzve‘forms. J First a2 chirp “waveform is gesierated by
. . p s;;cxfymg the initial frequency‘x o’ final frequenpy f., and time duration L > 3
K . . 3 - . - 5
- where the unpulse response is ) . . -,
2 - < . .
"~ - g . ’:— N - - - - - .- * -
P fR e e : .
: -0 - © "R(EF = si 3  —— t < . .
C )’ sin|] 2% (fo? 2L t) ] _ 0 :_ef_, - .
2 L-T:- - (‘,/"" 9. - B L othex;wzse, . .
g where ’ - ’ E . . . /
T’ _—“ - ¥ - # - _- . . PR
= = o LT --f.o = 0.025 Hz and fl =¢ ""0.Hz . , r o . ~
.t‘ 4 _;‘_‘— -_ i -7 . ‘) <. . . j —:— o
A Shovi’m in Figur'e V-1 g(t0p)‘.is a chirp w'a.\:reform (‘R(i-:)with a time duration of -
k- - - R . ;- : . . . .
. ) ° 500 sec. . : .. .. -, ‘
: . o In orde}to make the waveform more nearly resemble an actual )
: A Z se;smograrri recordmg of a Rayleigh wave, a c6551ne taper is afephed to R(t) where
S . - . = f . _ . - .
. . the output is T ) ) ‘i’, . n’
= 1o S § 2xe\|. ] -s < Coe
::‘ l;. . . . P S(t) = ‘R(t) ) {2 (]: | - .COS —-———-L )] 2 0 o L ¢ \ :
2R - - Co |
. This is analogous to shapmg the spectrum with a recordmg system's resyons;/
: . . (long- penod so1smometer) The cosme-tapered chu'p waveform (Fi 1gure y-1,

middle) 'resembles an- actual tefeselsmlc seismogram recordmg of a Raylelgh

wave in that 1t exhibjts normal d1sper51on and its xamphtude spectrum is highly

.
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) >_ points observed at~1rtermed1ate freguenmes.\ For omp rison, group veloc1ty

- vy : /'. - Z:
1
- - . e ZHN
‘ T LT s T / i . .
- - - * s e o - - o ’ " «/ - L
P e ) 3 B ’ L’ . 4 P
i . . e
° ot e - e )t , AN - 4
. . . = LN T e 3 A
. e / 3, p_ &, . . ‘3
: Y - ed;/:‘ d P = - :j
‘) peaked?” - 4 o . . . | /
L Apphcatmn of the cepstrum techrique was found emplrlcally . * b

\\to work better by resamplmg the data at 8-sec intervais (F1gu'-e V-1, bottom).
. Th15 sample per1od gives a Nyqui’st frequency of 0.0625 Hz which is well out-.
51de the frequeﬂcy band spec1f1ed\for the chirp waveforms. As noted in Flgure -

V-l resamphng of the waveform yields an irregular aﬁpearmg time functwn

however, there is no loss of spectral mformatmn in the band of mteresn ) Para?

Pl
. -

meters calcula(ed du'e ctly from the dec1mated time function such’ as group - i

- 4yelocity (wave frequency and ‘arrival times of peaks and tnoughs) and maximum '
’ mnphtudes of g1ven peaks *a‘nd troughs € determmed usmg a three-point quad- 3
¢rat1c 1nterpolatlon yleldmg results essentially identical with those calculated o ,
’from the :yvay,efo_rm sampled«,atf'i seo.. - , «,
. Tﬁe/}frst m'ultichirp wavefo ,malyzed cons1sts bf 500 sec ch1rp

- w1th on;et at l-sec plus a 500-sec chlr" with onset at 250 sec. Shov_vn 1n/F1gure V- \ .

are ‘the two md1v1dual c}nrps, the1r suni, _and the decimated sum which is the ©

mput 51gna1 to the complex-cepstrum a bsm\prdgram. Group velocities cal- ., . J

culated from the waveforms are prese ‘ted in the. nght .,1de of the flgure. For .

refei-ence,the group velocity, curve (solid line)-for the LASA perturbed model |

(Texas Instruments Incorporat’ed 1967  is included in the plots.- -A distance

and origin time is chosen’ such that the \‘esultant group veloc1ty points calculated

from S ( N losely fit the LASA perturb d curve. For thl‘S example, the d1 tance . .

at low frequenc1es and the smooth pomts a

L

o\er—lappmg portlons of S (t) and S (t) resp
/

é
pattern results, where S (t) and S (t) overlap in time y1 ldmg the scattermg of

" calcuiatmns for several earthquakes (cata]ogued in Table VI- 1) recorded at |

LASA are pre-aented in Flgpre V 3 LASA record1 gs of Rayle1gh waves from K

events occurring in many widely separated regmns y1eld compllcated group
\

veloc1ty curves with character1st1cs very similar t the multichirp examples . 9

[y

presented 1{ th;lslscctxo\n. .
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s o s 4
g The multichirp waveforms are not minimum phase,therefore ex- 2 B E

* ponential weighting is applied to the'iinput signal and subseqﬁent calculations ,;’

are performed on:the exponentially w’:veighted sequence. The value for a used ;ng

in the weighting was 0, 98 for this example,and the output of the system is then : i

) unwexghted usmg the same value fmaa. . . ' . c , '

7 _ Results of the sequence of calculations usm,g the complex—cepstrum S /d':f

4 technique are pre‘sente\d_ in the remaining portion of F 1gus;-e, V-2. Shown are theﬁ y/’ ,
‘ real and imaginar& parts of the complex logarithm" of the, FFT of the exboxien- " i
r\ ’ T tux{ly welghted input 51gnal The slowly varwﬁgﬂcfdiﬁi)onent due to S. and th7 rapld- , _
i Ly varymg component due to m are clearly seen in lthe plot of the real part of"lf /
. the log. The value N given in: the flgures is the number of samples for the FFT i , '
5 T and is a power of two. The mp/ut signal is: augmented with zeros-before trans- oo .
formatxon to give a\tﬁ ace ] \I-samples long. For \the frequency«domam plots,N 3 / |
A « is the number of frequency sa!inples and the foldmg frequnecy w is a N/Z Fo,r -
7 , \ a sample period At 1= 8 sec,'the foldmg frequency is . R ., ﬁ'/
: | N . ' L '
‘ ' w. = \cht = '0.0625 Hz. . L S L f
) o | 5
and for the time doma.m p;c'is (complex cepstruni) e \ } L “
. : ;o ‘ LT
- N/z\i NAt/2 = 819z sec ' \ I
3 ¢ N \ K | - \i J 5
The complex ceps\f\um is shown next. The 1mpulses attnbuted to m are small L
o in amphtude relative to the pulse attnbuted to S which occurs pnmanly in the \ ,.
:’. "sh rt time'’ re\gxon;therefore an enlarged plot of the complex cepstzl‘\um is ' W’ | ?’
‘ also ihown. The large pulse about zero time is clipped inythe enlé:{’ged plot | E ;\
‘ for dis l\ay purposes. The impulses attributed to m ocgurat’t = ‘249, :3 ’7
t & 498, etc. and are easily discerned in the enlarged plot. ) .
3 . I b
j ) \ The complex cepstrum was short-pass f11tered;%‘8mjcv, the =
/ secend ‘FF&' taken, the imaginary part reverse rotated, the comlplex exponeptiél
4 taken, tl;e §econd IFFT taken, amd the sequence unweighted to yield the sherf-pass L
SR . . \ ' i
« \ ‘ : ,' L
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ARSI comae

) ’E - ' ) s Lo 'r. ) . H '
2’ ' . . . ‘output which is the estirnate of S (t) The error trace shows that the output

TR e L
j/ .

AN
%

of the short-;\)ass system esnmates S (t) with little error. Group velocity calcu-

s J ' lated’ frqm the short-pass output’ is shown to the r1ght of the time trace. -" K
. ' Next-the complex\cepstrum WMW -

A processed as before. The real part of the second FFT shows the effect of re-

TFL TS Fv o e

DI

B

. moving the slowly varymg component due to/S. The output of the long—pass

SSRTHAE ZU SN S A A

: . '\\ system y1elds m(t) Wh1ch is. essent1ally é (t)+ 5(t-249) for this exarnple

N\ L . *

z ’ © \The second mult1ch1rp waveform, analyzed, consists of a 600-sec

chirp with onset at 1 seé. plus a 60(5-sec ch1rp w1th onset at 250 sec. Results

TF RS T R o T e

- \ of the sequence of calc latmns are shown in I:‘rgure V-4, The format of the ‘

—

—
plots in thzs f1gure an succeedmg f1gures in 1 this sectxon follows sthat of the |

| . first example given. (t) and S (t) arel\each 100 sec longer and overlap 100

ST e AN

peinss

\y . sec -more in time than ior the f1rst exam le. The short-pass output y1elds S, \(t)

: { 'with practlcally no err r and,as seen]m th\e figure,the long—pass outptit/m(t)— B
{ © . is essentially 1dent1ca1 \w1th the first exatgple. . .

\\ | . N L0 I w—~~,~!~7~_..cl

A\ . The third multichirp wav_eform n analyzed cons1sts,_of_ajoo- : hit

U ST E L R SRR BN

|
Al

with onset at 1 sec plus la 600-sec cl}1rp with onset at 250 sec. The analysis ‘

i . . \ ) {0
L _results are presented in|Figure V-5. The short-pass output again yields Sl(t) 3 \
. '\wlth negligible error. The long-pass output mi(t) is more complex than the first v
}\ ‘ \
o

two examples where a co stant time delay existed between S (t) and S (t) for all

m‘?ffr}}:{‘;aﬁ*}‘*@g‘;—_ —

- frequencies. For th1s example, m(t) can be 1nterpreted in terms/of d1fferent1al |
{ \ SN \

' z ; . di\spersio/rl‘ wherein the time delay between' S (t) and S (t) is 249 secﬁt 0. 025 Hz .
and increase$ with increas ng frequency to 349 sec at 0. 050 Hz. ' f’ \\

I ‘ | ¥ . o\
L The fourth mult\\clurp }vaveform analyzed is more complex 1n that .

REEs IR e e R
Bt 4

L it con51sts of three chirp wa\\ efo/rms 500 sec, 550 sec and 600 sec in length

with onsets at 1 sec, 201 sec‘(and 401 sec. The analysis results are presented

! in Figure V-6. The complex\cepS‘trum was short-pass filtered at 160 sec and

[ AR R P

the output y1elds S (t) w1th l1t e error The long-pass output m(t) is more Y

; complex than the precedmg example in that it shows the differentlal dispersion

\

\ betwéen Sl(t) and Sz(t) as well as between\Sl(t‘) and S3(t). As noted in the plot

T R IR 3 G paes e, FRR F e, PSR ELEE WY
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Figure V-4. Cepstrum Results for Synthetic Multipath’Rayleigh Waves. Input
‘ Is the Sum of Two Chirp\;\’aveforms; 600 Sec and 600'Sec in Length
with Onsets at 1 Sec and 250 Sec and Amplitudes of 1 Unit and I Unit
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Cepstrum Results for Syntheuc \1u1t1path { ly1e1g /Waves'.’, Input
Is the Sum of Two Ch}rp Waveforms; 50 Sec and 600 Sec in Lcngth
with Onsets at 1 Sec and 250 Sec and Amphtudes of 1 Unit and 1 Unit.
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. i‘ / half the- amphtude of S (t) 'I'hxs is clearly reflected in the long })as,s _Qutput
\
‘ -

N the t1‘me delay between S (t) andN) is, 200 sec aﬁ 0. 025 Hz and 1'1creases mth

P ’,_ 3 - T "‘ .. - -
; 1ncreasmg frequency 250 sec at 0. 050 Hz while the\t‘rme delay bety gen S (t)

a'hd 53‘(t) is -400 sec at. 0 025 Hz and mcreases w,;th rising frequency to 500\
secat 07050 Hz.... © S . R {.7\ N

ce i P P s \ '9 “:\_,: .. \
..; B "I'he frfth mult;chzrp waveform analy.zed 15\1\&nt1ca1 to tly’ fn-st )

) -

, example w1th the, followmg exceptlon. The wa\’reforrp/gz(t) is sga}ed to one- i

L
for t‘lns example (F1gure' V- 7) where m(t) 13 e'ssent1ally 3 ( -1-0 58 (t 249)

.- T : . L .-
S ; . .
. The s1xth mult1ch1rp WaVeform analyzed cons1sts\\of two ch1rp wave- -

-y -

.\

." .. forms 500 sec in length vnth onsets. at l sec and 701" sec (F1gure V 8). The time

r - I .r.‘ -

) separatlon between S (t) and S (t) is much less than in prev:ous examples. In

7 - 4,.‘. .

additton, S (t) 1s scaled to one-half the amphtude of S (,t) and- the ‘Waveform in- -

~verted w1th respect to s (t). The. compl'ex cepstrum is long—pa‘s< flltered at

- 80 sec,y1eld1ng}n(t) wh1ch 15 essent1ally 5-(t) -0. 5 3 (t—lOO) “The co,;nplex
i 1

short-pass fllte\red!at 80 sec~,y1eld1ng the output“éhown The
N

[}

cepstrum is, also

|
Lt calculated error for th1s output although st1ll’ falrly s’mall is larger.than 's‘\-

tamed from the prewous exam‘ples. Tie snort—pass sy stem has ren'roved all

Lo —

of the contnbutlon caused by m and part of that cause/d by S. .ot T ;'

c) SR N i ..
) "’he sev nth mult1ch1rp waveform analyzqd co;zsasts-.of__,o_chrrp wave-

’ )
forms 400 sec and 6(0 sec in length with onsets ‘at l}ic’apd sec. The analys1s

L . .
- >

.

/

results a,re presented in F 1gure v-9.” For' thls.“‘g{a’mple theatlme delay between
e

S (t) and S (ti is zero ht 0 ,‘025”Hz and 1ncrease-s w1th mcreaSmg frequenoy to__
200 sec at 0. 050#

-

,H’:’f. A ins ectx.on of the c6m lex cepstrum shows that S and
17 P P P

,.-1.—7——(-- —

.
o

'q'~~.

m~over1ap sigmf,xcantly 1nﬁe "shpx:?me” reg1on, conseque /y__\the port1on ‘\

. '

attnbuted to m cahnot Xe removed 1thoutkremovmg part “of the cont,r:’butwn due
. to S and‘mce versa. A suite ‘of short-pass f1lters at 8, 16 24 40 56 72, and
3}8\,\ec wa's applled to, the complex cepstrum L {;é fllﬂ'e)ér at 56 Sec yxelded the
smallest error trace. The; short- and ‘f‘ong-pass filtered results for that filter
are shown in the f1gure. Slmple short- or long/-'pass fl.ltermg’ ca,fmot completely

separatejS from m. Comb f1ltermg could be u/sed to remove the part attnbuted
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Figure V-8, Cepsfrum Results for Synthetic Multipath Rayleigh Waves. Input
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- - - . . i » -
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. Rayleigh waves resultmg from: .

&,
{
a0 /
¥ /
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[ 1
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AR

tom whlle retamlng almost all ‘of the part from S,prov1ded m was a fa\lrly
51mple 1mpulse train. However, for this example,m represents d transfer’ ’
[ * ’

funchon of cons1derable length with zero time delay at the lowest frequency

(0 025 Hz), The pa_rt attributed to m in the complex cen trum is a compl&c—ated —

series of overlapping transfer functions occupying the "short tinge" region
¥ et ——

to which comb filtering cannot be snccessfully applied When the two components

51gn1f1cantly o_\l‘erlap, then the lmear fxlter /system removes too much of the

complex cepstrum of 'the ‘desired output However, for this example, the signal

.
*‘mt’mmn«e-.. R~

estlmate obtamed is clearly a better approxxmat;on of S, (t) than is the contamina;- ,
R A
ted 1nput signal and d1scnm1nants (AR, RMS, Chlrp stat1st1c, etc.) calculated ,'
! I
from th\e signal estimate \/mll more nearly approxu;pate ‘the true values. In

A

N

I

;
i
addition, it should be pointed out that the group ve, oclty points obtainéd from thé

.- C e ey e e e e s ...-Z,..!;,.
' sh&ft—pass output (Flgure V-9) closely f1t the expe Lted group ve10c1ty curve ;‘

/
The results presented in this séction demonstrate the feasibility oﬁ

this techmque for fa1r1y 'simple multlsource and/ox mult1’pa§th waveforms. Th

t

mult1ch1rp 1nputs tested represent s1mulat1ons of teleselsm1cally recorded 1

!
. i

’
¢

) Interference from two or more/ seismic sources . '
occurring at the same location with small time
R . ~ : M

separation and no multipathipropagation : . .

! %
Interference from sources at different locandg

whlch arrive at the recordmg site W1th small

3

t1me separation -
Interference *'rom a smgle source generated "L \ \

Rayleigh wave which propagates along two- or \*\

: ) three distinct paths with d1ffer1ng group veloc1ty
characteristics therefore arr1v1ng at the recording . \
site w:t; s;;ll ;;n;separat1ons

The examples show that for cases where S and m are separated ig

/

-
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- "time'] a linear filter system can be used effectively to separéte the two com- Lo
- 3 - . 3

ponents from one another, The techmque requires ng 2 priori estimate.of S’and -
will give an, estimate of both the s1gna1 S and the multipath operator m. _ 7 A
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SECTION VI S .o LA
; PRELIMINARY CEPSTRUM ANALYSIS OF RAYLEIGH . - “
- WAVES RECORDED AT LASA AND ALPA | ~
f’. : ! ' \ I;
Several ‘events recorded at LASA and ALP/vere processed using g -

R FORRINIRY

s / the complex cepstrum techmque in order to make a prehmmary evaluation of - E
A the method as apphed t6 actual Reylelgh wave recordmgs The everlits used had 3

N

RN

good signal-to-noise ratio and assomated mformatmn for the events (locatxon, 2

e N Y. ¥ -7

date, origin time, etc.) is given in Table VI-1. The vertical companent of the

- \

kS

SHEME S RRNE I HA

ey

Rayleigh wave was time partitioned from each event recording for iKput to the

.+ progranr. . !

~

.- . . . - . -

Proc‘:essing results for event NTS03 recorded at ALPA ax\ presented

[
i

in Figure VI-] .,Shewn in the figure are the decimated 1nput signal, the real and

-~
-,

imaginary parts of the log, the complex—cepstrum, the short-pass f11te ed out-

DRSS e
LTI e Stay

/r—-—y—-’

ORI
A &

ut,and the long-pass filtered cutput. The in"u. signal has a mcda;aced cnaracrer,
i 5

Seitabadptad gy

e
!

and minitna are observed in the plot of the real part of the log. These \minima

SR

could of course result from either an 1nterference phenomenon or low signal
nas 3

excitation at the source at those frequencies. Whether or not energy at those LS

-
!
¥

, {requencies was present at the source cannot be ascertained from this beatned -4
- output alone, however a:n inspection of the group velocity curve calculated from
) ‘this event (Figure VI-2, top) shows that the recorded Wwaveform is not a simple

il

_normally dispersed Rayleigh wave and this characteristic is indicative of inter-

\F

‘l ’Z‘
3 fering waveforms.__ o 7
AN é ‘ . &
b [ ! . . ’ B B
. ’ _ The complex cepstrum fot this event is much more complicated than . E
., 1 . Q * ‘
5 . . . . . % -
A those obtained for the sim examples given in the previous section. The part :
' 1 .
A - . © . 3
ey - of the complex cepstrum attributéd to m is not a simple impulse train. Thus it ﬁ?‘
A would be very difficult to apply a2 comb filter system since this requires much / E
ol | ]
4 information about the number, locations and durations of the impulses in the
; - ‘.
5 complex cepstrum, An alternative is to use a short-pass system. A suite of 4
ic ’
i ) ‘ ’ i IR | " .
4 ? short-and long-pass filters covering the interval from = 16 sec to = 128 sec 5
:, i . g i ‘ ;
ity o , 3
7 4
: p
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'\ waveform recordmg and' subsequent long-pass output. Therefore an analysi’s\'.

0

- . - T —7 - — -
was applle(d to the comalex cepstrum and out;uts obtamed An ana1y51szof those
results w;s made by mspectmn ‘of the plots {‘showmg the real part of the/ slecond
¢ F F T after short-and long-pass filtermg. -Th short-pass filters at 16 and’ 20

sec removed all of the rapldly varying comp nent due \to m and also removed
much of the part due to S. The filte¥s at 36‘ to 1’28 sec passed almost all of
the component due to S and also passed inc ea°1ng amounts of the .rapld.ly
varymg component due to m for mcreasmg 1lte, tlmes The fllters at 24\ to 32:,
‘ sec passed most of the part due to S an)i remo e\i almost all of the ;‘apldly vary-—

" ing component Shown in the ﬁgure are the re 1 part of the second FF T and the

Group veloc1ty was calculated from th short-pass output A compari-

r

son between the group velocxtv pom*s obtzin \led "u.mr the mput Waveform amtrthe
»short-pass output (Flgure VI- 2 top a'nd bottom respectlvely‘) shows that the
scatte:‘/of pomts is largely reduced for the output trace and the pomts are much

~ .
ore contmuous. “In addition, the points closely "fit the theoretmal curve calcu-

l‘\ated for a contmental crust  The great circle path for his” event raverses ‘

eva a, Oregon, Washmgton, parallels the Coast; Mountams oxl r1t15h, Columbla,
; - \. .

4d crosses a portlon of Alaska.-o. ‘ C )
. \

- N

% ".
» * / - "B
N

.
1

. The long-pass output shows a large complex 1mpulse at about 30 sec.

o

"An interpretation of the’ long-pass output based on several assumptlons could

N .
1

of course be made. However, additional mformatmn would be requ1: d to sub-

t 1
st ‘,txate that the assumed conditions artd therefore the 1nterpretat10n were -

- i
- 3

\co rect. /or example, two sources w1th 1dent1ca1 excitation and I at1on :

/o
/for examples. onesand two of the previous section. However, it is concelvable
) » /' . LN

ochrrmg ‘with small time separation would y1eld a long-pass output as shown .
an entirely dlfferent physical situation CO\uld yield an essentxally 1dent1cal o

tha

-

of sllort-penod p waves recorded at a network of stations and subsequent hyposz

ceriter calculations would be necessary in order to conﬁrm or deny tne possibi-

lity %hat two sources of the sarhe type and magmtude occurred at the same xccatlon

*
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5 thh the t1me separatxon observed in the long-pass ‘output. Conversely, frgow- - . ( z

I ". ' ° - o ¥, /
o ledge of the information descnbed above\ woultll allow, accurate f1lter placénent' .

: f F » o - >
! S R : »
] 1h the\ complex-cepstrum techmque to ,y1eld the opt1mum 51gnal est1mat (‘g, - r' L
: A R \ . P & . PP
! . . Pt & ., '\
S 1\ .Next, a- Greenland Sea evlent L- 01 recorded at LASA was prt"%essed. o
* - i | 3 - -

X
B

. . Those results are presented 1\n Figure Vi~ -3, The great‘ circle path for ¢
/o -5 i .
A traverses\ a portmn of ‘the Gr enland Sed, Grelenland and the Canadlan S

{

AN . Group velocities calculated from the mput s1gnal 4nd the short-pass outp:; aré
a

shovm in Figure VI 4, " The 1nput signal is relat1vely fréee of beats and

e

lycsxmple normally d1spersed \waveform as seen in the group veloclty-p]{.
AN ““ever, mterference is occurnng late in the wav eform and a large s¢att%
. . - . -

; = . \ : -
E, - sent at the low group veloc1t1es whlch correspond to the coda of the: eveiz it. - Group -

*

i I veloc1ty for the shor\t-pass output is somewhat smoother,and as seen 1 i?f&gure Vi-3, ,
7 ' much of the coda of the mput event is. not..pre: «nt in the sigha t1mate. "The long- b

= v . L)
- » \

i ' ‘ pass “output shows a’ large complex 1mpulse at, about 60 sec' The longj nngmg N

- ,' train.around 400 to 600 sec is attnbuted t() the most rap1dly varyu'g c!mponent 1
with a Af of about() 002?+P 0003 Hz. ! l\\‘ :

-', N— -, v . . \- -

i seexi in the plot of tl;e real part of the log,

-

y . ' Four events from'the Kuriles / recorded at LASA were[processed T A\ -
7T -
|

! v \ | 1
. . Rayleigh waves recorde.dkat_%ASf_irom events in this regmn are notormusly com-

. plex, “and parameters caleulated from the wa’veforms give results wh1ch are dx.t'ﬁ-

7 : : ) cult to- 1nterpret as ewdenced by the gr p velocjty plots shown i Sectmn Vv, Flg-
~ . / ure V-3, "The - -great c1rcle path travérses the Kur1le Arc, Bermg Sea, Gulf of ..

L4

Alaska, a.nd Western Canada —a conf’plex ser1es of structural env1ro,nments. %

'—‘ - —

) Complete cepstrum processmg results for LL-2008 and LL- 2018 are shown m

@

: . _ Figures VI- S through VI- 8. . F ox brevxty, Fonly the 1nput slgnals, short-and long-

4 ) .- " pass outputs. and calculated group veloc1t1es are shown for events LL-2019 and
2 . - f
LL- 2028 (Flgure VI- 9) All four events show beats in the input 51gnal and . L‘ .

A

'a,mlmma are observed in the plots showing the real part of the log. Again the

“ [}

7
complex ceps/tra are not simple 1mpulse trains and are tﬂffxcult to interpret.

3 = . -
3 A suite of short-pdss filters was applied to the complex cepstra and outputs’ {,{ :
£ . e . . . .

: . ) calculated as before. Presented in the figures are .the outputs for a filter at : L
Fz - B ] ) B v . s .- : R P M .

3 : o . ‘ , 1
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80 sec. The signal estimates obtained are clearly much simplier. than the input . T

o . . s

: waveiforms. The LL event recordings obtained from Lincoln Laboratories were - i
: bandpass filtered at 0.025-0. 055 Hz during preprocessing. Since there is nc I

- . ’ -

€nergy a2bove 0. 0625 Hz,the event recordings were decimated by 8 giving a

—

L%

3 sample period of 8 Sec'and 2 Nyquist frequency of 0. GQZz'thz at input to the -
complex cepstrum program. Group velocity points calculated from the input

A - z -

3 waveiorm sampled at 8 sec showed variations with respect io the waveform

<3 . - - e

3 sampled at | sec. Those variations occurred only at the higher irequencies
- = 4 =T

I, ”»

=
a ‘here frequency is changing very slowly with time for these events. The three-

point quadratic interpolation used in the group velocity calculations to determine .

- »
. peak zud rough times is adeguate over the freguency band of interest for wave-_ ..
Ll

; forms szmipled as coarse 2s £ sec and no smoothing was performed on those

waveforms with It £ £ sec, however for the waveforms sampled at 8 sec .

. ) -
simocthing of the order number vs time function over about 5 points was necessary
to reduce the variation in calculated group velocity at the higher frequencies. It '

should be pointed out that smoothing over 5 points does not significantly alter

aoest it LY

3

the zrowd velocity points calculated from the originzl waveform sampled 2t 1 sec. .
= - » e -~ s p

. -
- . - - -

R ey
:
B

Gréup velocities calculated from the input signals and the short- .

-

pass filtered outputs are presented in Figures VI-6, Vi-8 and VI-9. The simpli-
f z ) D T
city of the group velocity curves for the outputs is apparent., The curves obtain-

: ed zre neither oceanic nor continent2l but are an intermediate variant of the

- - < . » -
two. Group velocity calculations are based on the epicentral distarice between

- 0 - . -

” - - .y - - ” -

event and recording site which assumes a greéat ¢ircle pagh for the surface .

2400

waves. if the first arriving surface waves (a2t 2 given freguency) have devia.ed

from the great circle path by traversing 2 higher velocity structure,then the cal- .

e

« - & ;] -
culated group velocities will be lower than for the actual path taken.

. The events were long-pass. filtered at 80 sec,yielding a fairly

T ‘ v } . / ) . . i
3 sar.ple vutput fur several of the events wherein £ uT 5 separate complex impulse '
- - " £ . . i ; ; .. ) 3 - -1 he .
- ..  trajos may be observed. The similarity of the outputs obtained is strongly . :
A . ) B . . ] i .
: sugsestive of several fairly distinct propagation paths from source to receiver |
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for these events. This type of analysis coupled with frequency-wavenumber
- analysis (Capon,1970) could provide a powerful tool for understanding the com-

plex n?i‘t:rq of recorded Rayleigh waves.

- -

- i »

Six additional event recordings were processed using the complex-

cepstrum technique. The results of these calculations are presented simply

by showing the group velocities calculated from the input signals and those
% calculated from the output signals (Figures VI-10, VI-11). The results obtained
: are similar to previous results in that the outputs are simple normally dispersed
| . wavetrains as evidenced in the group velocity plots. —~
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1 ) ‘A typlcal run tnx?e foz the complez Cepstrum program requared s
5 ~ appronmzttely_B nmmtes oz;,ﬂ}e ’60/65 ,’ .. S
2 S - - - 1 ¥
- e o CalComp plots of the inputs a;lnd outputs; as well as:;.vanousfmctiox
1 . ’, . 'ob.tai’ned -during the, sequence o_f calculatmns are gerfe -;- d to 2llow vi:?::a@ (f:‘;al—"'— .
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. sis of the results. ] - : : -
- ¢ > . LNt * - o i - s
1R i RESTRI\,TIONS - T.- : _ \
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2 1, - numbers in the FFT calcu ;at19r.=>. ) ’ ) . R
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= . If INPUT . i S e .
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: 'Colun:m Variable Mbcie Desb/riptilbnx o BN @ , .
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1* DESCRIPTION ‘ - e §a—

Homomorphic deconvolutzon usmg a generahzed roncept of linear

ﬁltenng is applied to separatmg the components of a convolution. The method

is based on transfonmng a convolutlon of waveforms into a sum, using a lmear

-

filter system to separate the .addltwe components andvtransformmg the result

o
back to the original mput space.j An extensive presentatmn -of the approach is
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Lo _ T e .. toeas e ( - -
. - 'f- ; . 21-25 - “INLL . I. - Decimation interval ?fté; bend li;niting
<, 26-30 . IFILT | P - =0 stop-after calculating the complex" &
y B : - . . cepstrm, - - L.
. .- et .. >0 nuinber of filter's to anply .
31-35 .+ -IAARON I .- =1 call Saron's algbrithm®" ;.
. - - - - =2 call Schafer! s algorithm - - .
- . & > T (for correctmg phase) * =
= ¢ 35-<0 - XEEX e i- ‘Fotal data Jéngth for transforms, etc. -
. " S (must be_a power of two). Zeros -
- : ’ B .. are added to give an input trace 7
v " T . - NLEN points in length,  ~~
S41-50 - DBLIM " E . >0 clip real part of log at DBLIM ¢
) . ) . db below peak. -« . T -
. < i <0 no clipping. *.
- 51-50 ~ ALPHA S > =" a. Expbnentially wéwht the input
. & ) . . trace X. "W(n) = 1 X(n). .
61-70 » DT ' -E . - Sample pericd of the mput data.
. , B =
= Card 5 - - 2 . - R ’ - * - . l e
co 1-10 IDOCT, , .I°. Output ID for data to'be saved on ta;fe/ o
COR 11-20 " IDIS » 1 Output disposition for data té be- saved .
) ) T > . ~°  on.tape. S
-0 . JCard 6 Filter cards Sunply IFILT times - ‘) i )
U = [ I ITYPE I =1 short-pass system. ‘
) - . ’ , : =2 long-pass system., ) )
o, ’ . T R _' T . =3 comb {filter . . - el
11-200 . INITPT , ~ I Point at which to filter the complexs
. ., . cepstrum (if ITYPE =1 or 2).. -~ .
¢ i ‘. ’ . \umber of comb filter points =y «
/ o Yl e (if ITYPE=3).
4 . . 21-30 i ibX - . I < 2#IDX+1 pomts w111 be zeéroed at each _
2 y ” « - -+, comb location (supply if ITYPE=3). - -
2 -31-40 ™ JTAPER . I °~ - =0'cosine taper the long-or short- - k
d o ‘ . pass filter. | ] < “
: . : & . =1 no taper on filter. e
: ~ - !
* 3 . Card 7 Comb Filter cards, (Format 8110) supply if ITYPE=3). -
T & " - i —
\ Supply (INOTCH(J), J=1,INITPT) comb centers. -
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cRuUpLE Y CEDS IR pEOG2AY : *

w TIZZEC T ""()f‘”f"'—’]'()!FFT()F!LTEQ<>FFT<>RDT<>EXP<)IFFT()IT -

s D EUENS [ Yl?ObB) WIRK(2049) N ’ . ’

. hr-C~<inn_rnscc:7oca! -t .

-

THIS 15.8 TEGHMIOUF DEVFLIPMENT VERSION WHICH CAN 8F - SIMPLIFIED.
A0DOFr JARLY AS WELL_ AS SPEEDED, UP FOR Panuurflcv3rvvs RUNS
NIVENS[ANED FAD 2043 REALDATA POINTS o ,/ v . .
QNS [N Avs‘(aonn).lst(IS).AUﬂ(7) . - - 4 )

“ oo

NUFENS IR TFYD (2043) T ) .
DIvERS 1Py rnni7048) ’ i :
NIMENS IGN SAYF{2943) - z

njvr g e, SINR(2043) o - Lot
AUrNSION [NTTCHILG9) ’ e T .
A[uENS NN TAPED(8) - ~ . ) ’ . -
. DMOLF X, XoSAVE * oL ‘ L
_DATA TAPERY, 9848..”397..8660'.7660'.66254.5000o.3620..1736/ s

o

-T.CALL NNIOD - - .
10 FNOvAT (14.193E15.7) ‘ - - -

-,

P1=2,141593 — b - - . , =
- TWOPT=5,782185 - B : LT
‘CALL PLRTS(AREA,8000,3.0) - . - ‘ -
CALL DAY{IDATE) . S e
CEAN(S .T) NKEPS -~ C - . T e -
0 190n-FI<FPS=] NKFPS - -
rFALL STASK .o .
“RFADI{S,1) NAvE ‘ )
T ENAMAT(1544) .o :
WRITF(6,2) MAUE. ’ ' ’ ‘

.2 FOPMATTIHI, lX."‘lM‘E '+ 1546} .

.4

i

& PROVAT (1X,7117.F10.2+F10. 4,F10.2) i’
oFEAN(5,7) IDOUT, tnrs i ’ ’ T

"9 EPRVATI(//.1X,*100UT = “¢,110%"* 2 INIS = *,15)

.

WelTE6,3) IDATS - .7 : ‘ . i
3 FrOMATA L/, 1v 'DATF =',110) -
PEANISS4), EPTNL NSKIP,NPTS, INC, IFILT, IAAPON,NLEN.DBLIM,ALDHA DY
4 FﬂPMAY(I]O.bIS 3IF10.0) ; o A
WRITF(K,5) : ’ . 2
5 FNRVATI(//, IY.‘IDIN.NSKIP uprs INC, IFIL?.!AARON NLFN.DBL!n.ALPHA.Dr
1) - .
WOITE(b.h) [Ni¥,NSKIP,NPTS, INC,IFILT, IAARUN.ﬂLEN DALIM, ALPHA ,DT

7 ENR¥AT(2110Y ! )
WRITE(6.9) TNOUT.TIBIS * ' o, . . .

NELY=20.49/ (Nl FN*INCADT) ' -
LIMCENECTIMATICN RATE . ) .
NT=SAMP| F PEPIND NF INPUT DATA , ’
NPTS=NUMBER, NF INPUT’DOINTS o : .
NPF= 1N T s Co
FN=p_n T ¢ v . v ! * B

. ¢
an . .

fps.6 o - : : ‘

*
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. }
£2=.959 ‘. .
F3=.0625 - . :
‘WRITF(6,13) FO,EL.E2,E3 ~ '-~.
13 FORMAT (//,1X 4* CUTOFF FREOUENC!FS Fon PREFILTFR',4F10 41"
£ °  DESIGN.7FRN 'PHASF BAND PASS - EILTEP o . )
) £n=1s/(FLAATANPEN £DT), . "¢ . ]
T - FR=1./(2.#07)) . . : : - :
"LONFZI4INT(ER/FDY - .. 7 ) - : IR
.. FYFST=F0+fF] ‘ T e
“F=0. - ~ T Lo e .
DO 480 rﬁl.ar& . . p .
“IF(FTEST 460,460,440 . - - .
440-JF(EN=F) 450,445%445" o T
1.45 WNPK(T)=0.." - . e - L
1 GN TC 480" . . : Y, , -
. 450 TF{F17F). 460,455,455 : AR
455 WORK(1)=(1. +rns191t(F Fl)/(GO £1)1)/72.° ) /
, -60TN 4800, . ) ,
450 1F(FI-F) 47n 4657465\ - o (\\ -

. .

.
*

- 465 WARK(T)=1." . - .
- 60 T9_480 - e TR
470 TF(F3-F). 445,475,475 . * : M
‘475, uonx(r1-(1.-casrpxt(F-Ea)/(ez—Fap»)/z. . 7
480 F=F+FD - : . ' .
© . LFE(NPF-1)/2 .. T T e
WY=<DT*FLOAT(LF). ce T T g ..
+ DD 490 T=1,NPF . " ’ :
. TEMP(T)=WORK(1Y . - Ct o,
T E=FD: o7 . _) ‘, )
. DD 485 J=2,NF-
. re«prrr-reup(t)+2.#f0$(ruovltF*v»*uoax(Jl E
4B5 F=F4+FD : ‘ , . - ] /
Y=Y4+NT o . . . / :
490 TEMP(])= TantlltFD‘DT : .- B
. RFAD TRACE, TRUNCATE EACH END_.AT°NEAREST ZERO CROSSING
APPLY COSINE TAPER TO FACH.END,. BAND PASS FILTER
DECIMATE, RFMOVE MEAN -
CALL RNCP(INDIN,HWORK, NstP.NPTs.l.Aun) :
AMAX=0, . )
SUM=0. : i e A
. 0Ns4N6 T=1,NPTS - _ ) ’
406 SUM=SUM+WNRK(T) -~ o o
SUM=(SUM/NPTS) L
DN 407 1=1,NPTS T
407 WORK(T)=WORK(1)-SUM ‘ .. - -
INDEX=1 v ‘| - Z. ‘
DO 815 J=1,NPTS ' v
TF(PNPK(J) 4GE.0. LAND.WORK{J#+1) . LE. o.) GO TO 816 . .
TF(WORK(J).LF.0..AND, WORK(J+1) .GE.O.) GO TO ‘816
915 TNDFX=TNDEX+1
. 60. TO 1009 .
R16 TF(ARS(‘WNRK({ INDEX)).GE. ABS(HDRK(INDEX+1)))lNDExleDFx+l
" NPTS=NRTS-IMREY4+1 . , >
O R17 J=1,NPTS . '

<
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(Y3

Al
- .

N7 WNAK (J)=MO2C{ [NNEX-1¢])

" INDEX=NSK [ D4 [NDFX~1

LY

WOLTE(646491) INDEX - :

491 FNIRMAT(//,1¥,*TOTAL NUMBER 0F POINTS SKIPPED ON INPUT ~',110)
IMDFY=XNPTS . - a oL . . o
“ofi eyg g=1.MPTS. S, - oo . ‘ :
TELWODK( INDEX) . GF 0.. ND. HORK(INDEX 7. LF 0.} 60 TN 319\ .

IF(W”DV(T"OCY) LE 0..ann HORK([NDEX 1) GE.7<) GO Tn 319 ° -
114 ”DFY HOGY—

- aq.Tn , o Lo - -

319 lwlA4<(unQ<¢xun=X)) GF. Aqqtuoaxtrunsxrl!))anEx INDEX-1 .
MDTS=[MDFY S e .
j=oTC -7 " )
Tt k=g i R ) ' >
nn a8>a 1,8 ! . R .
© WOOK ()~ TAPER (11 8UARK( J)- o ’
c WNIK(K)=TAPER (1) *WNRK(K)
~ =] L . . g ‘ {
26 K=x-1" - ) ’ s L .
- MHAF=NOF /2 S ' . <, :

NN 425 [=1.NHAF
425 TRACF{T)=N..
PN 825 o)= !.NPI§
a;s,rnarF(NHAF*J) WORK (J) , - ; .
) N o100° JE1,NPTS ) . : »
100 HPQK(J)-TDACE(NHEF+J) e )

A

CALL WRGP{IDIUT, unRK #NPTS,1,1,IDIS, IDATE,NAME, AUM) .
. .rnour—roﬂur+1 : . : . . .

K=NHAF #N0TS4 | ' oLk ' o
L=K+NHAF-1 . L .
PN 430 =K, -, . ¢

‘430 TRACE(1)=0. . , o T o

+ILTFR INPUT TRAGE ..
IERO=TFMR(NHAF +1) o~/ "
NN 431 [<1.NPTS - . _ . o
. 4=1-1" ; < \ s - ’-.., . .
" OK=NPFel | : 3 , . :
SyUM=0. <. {
© L DD 426 d=1, NHAF " :
4?6 SUM= %UN+TF“°(J)‘(TRACE(J*L)bTRACE(K J))

431 WPRK (1 )=SUME7EROSTRACE (NHAF+1) ' o

" DFCIMATE THF BAND LIMTTED JRACE A -
Lt=n : .
DN 405 I-I.NPTQ.INC v : . . .
L=t ¢} ' , ‘ ' oo ‘

405 TRACF(!)-HCQK(I) \ . . ‘
NP =L o ] . .

PUNCH THE BAND L{“ITFU. DFCIMATED INPUT TRACE, FORMAT(5E15.7)

CALL WRCP(IDCUT, TRACFYNP 1,1, so IDATE ,NAME, Auu)

IPTS=NP% | A

LPTS=ND

NPTS=NUFN . .

FXDANN TIMF %rALE nN ru%n DATA AND OUTPUT DATA °

\ Fxornn=a, ‘ '

LY

v

-
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l‘ . - . -, .
’ - - -
- , . KPTS=NPTS/EXPAND . e ) !
’ . AEtK—DFLxgcxdann ’ . .o * . .. - .

. 3
-

- . . WRITF(6.4011 AT

. 401 FORYAT(/7, 1%, § SAMPLE "FRIDD OF. BAND Ll'ﬂTED AND DFCIH;TFQ DATA'A

»

-'} -‘a ) ,F!O 2, ' - - ¢ 3 ‘ -
¢ no Z00 J=TPTS,NPTS . S CES ' A U
. . 700 TRACE(J)=AMAX e . . T T
i s - «r'.  PINT INPYT TRAGE ) e .o e
’ . CAL! LETTER{D.,0.,0. ?'NAHE,90?.60) : - '
| : v$1ze=2. . . & ~
oo o =0 S
s 1RNX=2 - X . . . .
; XORIG=YSTZF+14 .. S ’ .
A CALL DRIGIN(X REG.D. 1 ‘ s

‘CALL LETTEP(0.75+0.,50.15,* INPUF rnnce'.qo.,lli e

”

hi\
.
-
.

, . CALL PLUTA(U’ACE.KPTS.AELX.YSIZE-XLEN,YHAX.YHIN,‘!N,IBOX INC, D7)

;. , " CALL :WRCP(INDUT, TPACE.NPTs.l 1,101s, IDATE uane,nuu) .
: . - IDNUT=1N0UT+T -~ . ) S . : ~ .
- TMAX=YMAX , ° ; Coe ) o c

. TMINSYMIN | : ‘ . ) ‘
, DO. 750 J= l.lPT§ , . :
. T AJ=J ‘ f}‘ )
., C 750 HORK (Jl-TRACF(Jl*(ALPHAttAJI .
2 : DO 770 J=IPTS,NPTS . - - AL
3 " TTO WORKEJ)=AMAX - ¢ Lo :
- 1. N , +'STORE- REAL INPUT INTO 'COMPLEX ARRAY X v ) ‘ g
E | DO 8 J=1.NPTS. ° : 4 ' g
i = . B X(J)=CMPLX(WIRK (47 ¢0.0) :

€ -. TAKF.FFT OF ARRAY X ~
oY . CALL NLOGN(X.NPTS,~1.0) . s ,
e 4 L ' o TAKF 10G. OF X ’ .

E L © © -TFND=NPTS/2+1 e oo . . C
L 159=1 T S '
¢ - * L RFALP=REAL(X(1)) oL .

] TF(RFALP.LT.0.) ISW=2 . : )

2 " 60 TC (110,120).TSW
2 . 120 00 130 J=1,IEND . - . . ‘.
B _ RFALP=-REAL(X(J}) L ¢
, CAT=SATMAGIX(SYY - . : ) i .
t 130 X(J)=CMPLX(RFALP,AT) = . o o
U WRITF(6,140) ¢
140 FORMAT{1X, *CONSTANT PHASE COHPONENT REHOVED')
10 CONTINUE ° -

S DN 11 J=1,TEND .t ‘ﬁf" .°
/ T XU =CLOGIXIJ)Y) SR : y

- RFALP=RFALIX(TEND)) '
N T . XUTFND)=CMPI X{REALP,0. 1"
L - RMAX=REALY(¥X( 1)) ‘ L

! INNEXP=1.: S o
D0 12 J=1.TEND ) R
| . . REALP=REAL{(X(J)} ) '
) - WOPK (J)=RFALP s ’ : .
: % ' TF{REALP.LT.RMAX) BQITN 12 :

E | '

{

a

&
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e
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RO (N e e g LU

G SR DO

£

1.2 rﬂNT!NUF

\ : -

RUAY =REALP .. ‘ " o=
INOFXP=j. . . ; ’

)
<

PI-OY 2FAL PART ﬂF LPG.

‘ YS17E=2. .. .o T W

14 FﬂR“AT(/I lx S INDEX OF PEAK -'sifo.ldx;-ngx.'vntue. REAL PARTY OF L
InG. =1, 1PF15, n .z

“17

19
20

gb
610

620

.. 630

21

- . - - F ~
v!.l n . T < M N
_1Po¥=1" ' .

TOMIN=YMIN

'ROTATF THE PHASE .

CUOFTT= INNEXS-INDEXA+L

.

A
© - - g .

anIEJYQIIE*i;" ’ .o La . .-
CALL ORIGIN' (XORIG,0.) .7 v “ e
CALL { ETTFO(0.25, 0.+0.15, "REAL PART OF 10G." ,90..17! s -

TCALE PLﬂTA(H‘)PK'IEN?‘DEL)(gYSIZEgXLEN YMAX, YMIN,IN, IBOX-INC'DT) <

PMAX=YWMAX -~ ] LI

LMPITE(6,14) TNDEXP,RMAX 7 ‘

‘ETND runrxrq AL THE PEAK»FOR WHICH. anueg'ésmugFu ARE asove
JHF CLIP L FVEL sv**- e .
TMDEXR=TEND S . -
INDFXA=1 '

TF{NAL'IM,LT,.0.) Gﬂ T0 20

i

cLIP=(1. /(10tc(ns|r~/70.|)) . oL

CLIP=XLOGICITP) C .
ACLIP=ARSICLIP) | . " P

- C1LIP=RMAX4CLIP . . ' o Y

1F{INDEXPLEQ.1) GO TD 17 L . .
NT“‘FQ’ —"NDFXP ‘ . i ‘ '."' M « . . 2
DN 14 J=1.NTIMES R

K=INDEXP -

INDFXA=K - . - . . )
IF({RMAX= wnnxtx)).cr ACLIP) GO TO 17 . . .
CONTINUE : . . L . )
CONTINUF , - . . L A
IFLINDEXPLEQLLFND) GO 10 zo : :

NTIMES=INDFXP+1 ' .

. NN 19 J=NTIMES,IEND *© © ° , . : PR
TF((QMAX-WNRK(JIV.GELACLIPY GO TO' 20 o

INDEXR=J, . . . :

CONT INUF LT S - T e
CONTINUF . \ , o :
ne. 22 J=1-1END /7 - - ' 2!

WORK (JI=ATMAGIX(J)) .- . " . .

GN-TA [610.520), TAARCN’ ‘

CONTINUF . o

CALL AARON(X . WDRK, cnR INOFXA.INDEXB cLIP, NPTS.!END.P! THOPI) -
GO YO 630 . , ,

CONTINUE C ¢

'CALL SCHAFR [ X, WORK,CNR, INOEXA INDEXB,CLIP, NPTS:IEND PI'THOPI,T"HP)

CONT IMUF . d
HR!TF(ﬁ ?l) INDFEXA,! NDEXB -
FORMAT (/71X INDEXA ~-.rlo.1ox,'t~oexs =i,1100,

TF(INDEXB.EQ. [FND) INDFXB= INDEXB-1 P

¢ , ¢
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.! ,
- - - - .
. © A
he-4 . o _ o~
- -4 ) ! DG 600 JZ1,NPFIT ; ’ . . X
;1 © 600 .TEMPLJ)=g-1 D Ot ’
2 RN °<ans uonK(tNQFxﬂ)/TEvocnprtrl [T
S IR K=1, = o - * . t
28 PSR ‘PO- 601 J=TNDFXA,INDEXS . ' . .
2N e SAVF(J)=SLIPFATEMP(K) " :
7 B TEMP(J)1=HORKLI)-SAVELS) . ' <
e b s . 601 K=Ke¢1 © ... . Nt '
S IR DO 602 J=INDEXA,INDEXR ) - ' oo .
_ T REALP=REAL (X(J)) S o - > Coa
g .- - COR(JL=CORIII+SAVE(J)- . LT :
2N R 602 XTI =CMPLX( EALP. anth)) A "
. ” 1P=0 : g o T : -
I Mg .. "fCC=NPTS /) : - ‘ - oL .
:,) ».;. ,-\—"..':' . Dn 5] -7."'{' ;‘.':,::‘;:" . E ., . .‘ L . ‘ . :,““ ,
22 REALP=REAL(X{J)) 7:°° N .. oo T ‘
2 N AT=—ATMAG(X(J)) g L
, . COR(NPTS~[P)=—COR(J) = , -
T .. X(NPTS—IP)=CMPLX(REALP, AT) coe -
8 51% 1P=1P+1 . SR -,
N TR . TE{TAARON.F.2) GO TO 835. . . . . . /
S e PLOT REAL PART OF L0OG. CILPPED . . o
B . YSTZE=?. . S e
E | © IN=] el ) ‘ e e ST e e S
= 1ROX=1" . oS T L
| YMAX=PMAX _ - e T . -
E ! YMIN=PMIN . L L. - . .
AR XORIG=YSI7F+1. ' VoL ) .
0 S | CALL ORIGIN (XORIG,0.) ; .
i . . _CALL LETTER(0.25,0.,0. lS.'REAL PART OF LOG. CLIPPED',9 . 925) .
1N S DO 54 °J=1,NPTS . ‘
I 154 WORKEJ)=REAL(XAS)Y ' - ' ‘
9 CALL PLOTA{WORK (NPTS;DFLX, YSIzs.xLEvanAx.vnxn.zn,xaex,rnc ‘DY)
AR -'835 CONTINUE ‘
AR PLNT IMAG. PART- OF LOG. CLIPPED AND CORRECTED
‘z K . Vq‘]f 2. ‘ : , .\' . ‘,
v ‘ TN=0 * . ‘ ‘. oL
2n 180X=1 . . o » : . .
- ., XORIG=YSIZE+l. . , . Y
3 CALL ORIGIN(XORIG,0,)
3 » ‘ CALL [ ETYFR(0.25, +0e 00, 15, *TMAG. PART GFQLOG. CLIPPED AND coane¥teo
? 1. l"qnoo’OO’ .
. Lo NN 85 J=1,NPTS ‘ o .
2N V55 WORK(JI=ATMAG(X(J)) B .
AN CALL \PLOTA(WORK, NPTS,DELX.YS!ZE.XLEN.YHAX.YH!N,!N.!BOX.!NC.DT)
bt . €7 SAVE X ARRAY IN SAVE . g
4 . DO 200 "J=1,NPTS ’ .
1 . 200 SAVELD)=X(J) : : ‘
JRE c TAKE IFFT OF ARRAY X . - ‘ \ S
CALL NLOGN(X,NPTS,#1.0) ¢
&1 . PI.LNT REAL PART-OF -[FFT (COMPLEX CFPSTRUN!
§ © YSTZE=2. . . .
Bk INED : ° '
200 ' 1ROX=] Co . oW
f* ‘ ' r'_e ’ . .
?‘ . A-'9 : .services group




~

[ — . ]

oy

.

XN2YCEYSI7E41, " , . o . -
CALL NPIGINIXPRIG,0.) S s
cagtL L:TTF°IO’?S'0..0 15 'RFAL PARY OF [FFY (COMPLEX CEPSTRUMY®,
190..361 . - s ) L ILERRL , .

. . . .
N v . . L

PLNT CEPSTOIM. FRD“ -u+1 TN W : ) S

JoTS=NRT ] , ) . C . -
' - PR . . g [ .
NHA| F=NPTS/2 . ) s -~ . P f

.- DN'ST y=1,[END * . ! ce Tt L
MORKCJENHALF-T I=REALIX(SYY ~- . LT N .
" 57 STNR{J+NHALF-1)= uoaxtJ+NHALF—1; y S SRR !
" NHALF=HHALF-1 A ' — R ¢-£"\_

NN 31, g=1,NHALF . C . IR .

d WN2K(§) = nrAliv«rF&n+J)) L & ’ N P N
L U3 LSTORSI=WARKILI) S : ' . : R
.. CALL P{OTATWORKINATS,DFLX,YSTZE, XLEN vnAx.vnln,tN,taox INC,DT)

CALY WRCPLIDOUT "ﬂ(‘lRK'NPYS.lo l'{D'S'IDATE,”A”E’AU"’ P -t

INOUT= TROUT + 1 _ S , o]
DD 201 J=1,NPTS o - - - R L
: o . RFEAIP=PFAL(SAVE(JY)” . . o e T

g 201 X1 J)=C¥PLX(RFALP,0.) LT e ey . B

S 4 L - SUMP=YMAX/10. . .. S ; o L

Q - SUMN=YMIN/10O. . e . - T L
~ . B0 492 [=1,2 Lo - e
. DM 493 J=1,NPTS ° -~ ; ’ > N .
. IF(STPR(J)) 494,493,495 . “ - : ° >
. 494 TF(STOR(JI.LT. SUMN) STOR(JJ sun~ . ' T . N _
T en. T 493 o . L "'i
495 IF(STOR(J).GT. SUMP)¢STOR(J3 SumMp , v I B
493 CONTINUF ’ .. . ' P
“eYSITE=2. : . L ’ . IR
n=0 ] ) e . .
TAOX=1 T ‘ _ SR
XORTG=YSIZF+i. | . o ‘ ‘
"CALL ORLGIN(XORIG,0.) . ' <t .
CALL PLATA[STAR ,NPTS, DELX,YSIZE, xLFN.vqu,vnlN.xN.rﬂox,lnr DTy . -
Suwp=SuuP /19, 1 :
Syun=SusN/io. L . c < L

. 492 CONTINUE ' . .

. CALL. NLOGN “{X, NPTS, +1. o’ ' ) , , : . ]
C PLOT RFAL PART OF TFFT OF REAL PART ’ . . L:i‘

"
Ty
RN

A
-
-

°

= YSI7F=2,

i . « oo R § ) .

. IN=0 R o - . R
TROX =1 S ' . ! - ® g

XORI1G=YST7E+1. o ; ) ‘ ‘ ¢ &;.‘

CALL NRIGIN{XNRIG,0.) o

. CALL LETTEP(0.25,0,40.15.uP. LAFFTIR.00) 4¥90.,12), , * : <

< " PO 203 J=1.NPTS T o = ‘ . L
: TENPLJ)=REAL (X(J)) - o ~o ‘ o :
STNR(S)=TEUPT ) oo ‘ ‘ . -

203 WORK(J)=RFALIX(J)) s : °

. CALL oLora(wnax.Nprs.QELx.vsrzs.xLFN YMAX,YMIN, IN, reox.xuc,urn

G- FXPANDFD PLOT OF R.P.IFFT.R.P. A
| QuwP=YMAX/10) . ‘ —

SUMN=YYIN/10,.D ° . . : . " CL ' C

e

el 1
Ay ¢ [

%
cs.‘,\
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i S ‘%" x “ < £ .- -
- . . .
(2] »

z + Ve
i 7 )
j NC 496 [=1,2 ’ . -
E nn 904 J=1,NPTS
. TFISTIR(J)) 903,994,905 ) s
o 303 [F(STP® (J).LT. mhm STORE S =SUMN .

A GO TO 904 ° . p—
- Y 905 IF(STOR(IES T.siue) STOR(J)= suup \ 2 :
- .904 (ONTINUE. .0 L : fo
. ¥S17F=2, - /:ﬁ I cLe
. oL IM=0C L Soe L 3

E | N 1enx=L A, ’ W ” o

2 , XORIG=YSTZE+], . . R . e, W .t
o ST eALL aRIGIN(XDRIG) _ e o e

2 I CALL Ptorn(stna.ugrs;%{Lx Y§I7E.XLFN Y“AxavﬁfN.IN,Iﬁox ruc,ory
7% PO . SuMe=Sy¥ej10. . . T TI %

e GU“‘-SUMNIIO? S STt }. R
A 406 CONLINUE £ - S e ST e o

8 ‘D0 205 J=1INPTS L : A
I - Al= AIMAGbsAVE(J)) SRR U B p -
E 205 XL JY=CMPLX (0 JAL) o, T i ; > ‘
3 , CALL NLOGN (X,NPTS,+1.0% ~ - ° L oo

e € Y PLOY REAL PART OF IFF¥ OF THAG PARTf E T, N R .
SRy . YSIZE=2.° - . y oL . .

2 ~aN=0 o T e / N

2 180X=? o e ¥

A XORTG=YSI7E+1.0, v ; oo N
PRl LCALL_ORIGIN(XORIG,0.)- ‘ ¢ ’ y
4 ‘CALL LETTER(0.25,0.5 -15.'R.P, trrr T. 6a,Qp..121

B8 DO 207 J=1,NPTS : . ‘ o

N L, WNRK €J)= REAL(X(J)) : ' - ‘ ’

= 267 STOR(J) =WNRK( J) Aot ‘ "

1) ", CALL' PUOTA(WORK,NPTS, DELX, YSIZE, x1E~ YHAX vn;ngtn'xsox.rwc.or)
;».L _ o EXPANDED PLOT 'OF R.P. IFFT.1. P. . 3

: \ - SiMP=YMAX 3 0. . o . . L

2 S SUMN=YMIN/10." © . (" ° o e

g ‘ . DO 497 1=1,2 o T P L

L DO 914" J=1,NPTS - T L =\ff s 77, )

- IFISTORIIID 913,914,915, . e

1 913 TF(STOR(JY LT, SUMN) STUR!J) SUMN a : ‘ .

ANg . GO TO 914 ‘ W f“ SN
S 915 IF(STNR(J).GT. cunp) STUR(J)=SUMP/ L o’

. 914 CONTINUE - . — S %

3 gj. ©_ . YST7E=2. - T N oo

r " ~ IN=0 oo C ' -

i1 { o 'an 1 . e . ? A ?” o

28 . NORIG=YSTZFel. - N0 oo B

| L "7 CALL DRIGTN(XORIG,0.) f - :

3 CALL PLOTA(STSR, NDTS.OEU@ YSI?F xLEM,vnxx YHIN§gN,\BOX INCs DTy
1  SUMP=SUMP/10. ) T L e -
ANy T SUMN=SUMN/10. - . ' Al
AN . 497 CONTINUF ° v, R R

: ; ’ CALL STTASK(T2) ¥ R

& > "WRITF(6,8888) .T7- ~ co

SRR 3888 FORMAT(//,1X,' TIME -PART ONE '?*,F10.04' SECONDS') T ,
1/ CTF(TFILT.FQ.0) GO T 999 I .ot

B . ' N . ‘ -5 . ;

3 ’ ) ' T . TR « " services group
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L]
L]
*
L4
1

. CALl STASK -
9P 62 J=1,%PTS .
£3 SAYF(JI=CwOLX(TT4D( 1) ,WE2K(J)) .
o QFAD FILTF2 DATA- - .-
- FITFY THs FEogionw, -
e 833 ¥FILT=1.IFILY . - ’
9N 390 J=1,MPFS ) . £
TEw“P (J)=PRAL [SAVE(.J)) X )
329 NNRK (J)=AIVAG(SAVE(S)) .~
RFAN(S.397) ITYPE, INITOT, 10X, JTAPER . - - ’
302 FAPVAT(5T10) - - ’ £ T
g "0115;<Zz7e) ~ Ty - L
329 FARMAT (77, 1¥, P ITYOE, [MITPT, 10X, JTAPFRT) - *° )
. - WOTTE(H,.321) Irvpc.INITPT.;gg,JTAP R. £ ) )
- 321 FNRMAT(1X.4T119) - ‘ Tote T
. - * JFINPT=NOTS—[NITPT+2 - i ‘
60 10 (305,310,315), ITYPE ’ ' .
7 . € ] SHAPT PAGS SYSTEM L )
s, IN5-0P 306 J=INITOT,IFINPT ~ ‘ ;
.- wN2aK(J)=0. .
- T . 306 TEWP(J)=0. . , - - ’
IF(JTAPER FN.1) GO TP 316 - . o T,
1TAPEP=INITPT-4 2
DF6=0. . .
nn F’-G JEITAPFPLINITPTY
-+ 7 'ARG=DEG/S7.7958 g - o
Tt ARG=(1.+C0SIARG) /2. . Co ,
. . WNAK(JI=HO2K(J)*ARG - : © ’
. T rF«o1J)ngv°rJ)tnne oo ~ -
K45 NEG=DES#45. -, : ) *
- ) !TKPFD IETNPT+4 . - .
£T . t+ DEG=189, . 4 : Co . Y
DO AT J=TFINOT,TTAPER” * T
. . ARG=DE:/57.2958 : . .
c. - . Y APGE(1.+CDSIARPG)) /2. S B
. > WNAK(F)SWORK(J)+ARG . . - 4
o, TEMPLJ)=TEUD(J)*ARG ” '
667 DFG=NFG+45.
. 60 TO 316
¢« LONG ©ASS SYSTFM
. 110 0 311 J=1L,INITPT
.. WRRK({JY=0, <
) 1YL EFMP(J)=N,
. DN 312 J=IFINPT,NPTS
- WNRK(J)="
. P TEuR(y1=n, . 5 o
e 1r(|rno_,.co;11‘tﬁ 0 316 . ’ ‘ el ;

. = » ¢ 5 £
“ ’ [TAPFR=[N[TPT+4 . P .

/ NEG=1RN, a R - -
: PO 666 °J=INITPT, ITAPFR : T ST,
© .t ( ARG=NEG/S5T.72958 . o ~
. ARG=(1.4CPSIARGYY /2. . . STy -
C e . THPRK(J)=WRRK{J)EARG ‘ e
. JEMPVFTEMD(J)SARG 4 - ) -

* -

“&

(X




\" - 5. .o N :-__.' 7. ‘-" ) .
s ‘Ss 1 . . .‘- - = - . ’
. . hE . x : . E'
> > - . s -
) .\ . - - ~F . - \‘. - hJ
666 DEG=NFG+45. PR - o . -
, T TTAPER= lFlﬂPra& 2 . . T, B
s " NEG=0D - T - L ) N
. < Do 668 J= trnpcn lFlNPT .. - . J
- - ARG=NFG/57.2958" -7 % Y - —
- ARG={1.+COS(ARG) /2.
. T ;= WORK(J)SWORK(JI*ARG. © C - © . .
TEMP(J)=TEMP(J)*ARG" -, ~ 2 : -
o 668 NEG=DES+45., : . . . -
. - GO TO 316 _, . - - [
12 r <\Tnun FILTFR (IBITPT= NUMBER of unrcnrs: -
- 315 TCONTINUF . . . .
- - -READ(5,318) CINOTCHUJI),J=1,INITPT) " ~ - .- T
4 318 FORMAT(8110) TR S . e L. i
- on{322 421, INTTPT { . .o

. -7 IDPYa=INOTCHI H-TDX: ' L, L. T
- ADEK2= INOTCH(S 141X o 5 S

T~ © DO 3?73 K= ran;.Ioex

. WORK (K} =0, -, " ’ Sl
LT L 323 TEMPIKY=0. . ~ : oo S S e
: « 322 CONTINUE g - . LTt e e,
~ e , lF!JTAPER FO.I) ro 10 316 -t .o T T e
. - 316 CONTINUE . . e - ’ — .
: DN 317 J=1,NPTS . . : . , AP
- - ,.REALO-TFHD(JaquRx(J) . . . S .
317 X(J)=CMPL X(REALP, 05~ ‘ ; L
£ TAKF FFT DE ARRAY X \f?““--s e SR
. CALL NLOGNE(X,NPTS,-1.0) - T
- « REVERSF SOTATION  ~ S ' ST
‘ " DO 59 J=1.NPTS S - .
. RFALP=REAL (X{JJ))- P - o -
oL - AT=ATMAGIX(J)I+COR( ) - . oo L
.1 59 X{J)L=CMPLX(RFALP,AT) T
L . PLOT RFA_"PART OF secono FFT e , i
ST , YQIZF-?. LT e ‘ S S £ Lo
: : s . l{)l( 1 ’ - . ” ’ IR
- ) vnAx-onAx g T R
- v .. YMIN=PMIN . . o T R
XORIG=YST7E+1. ' . o
. < s EALL DRIGIN(XORIG, 0.} ' ) . ’
c . CALL LBTTER(O. 25.0..0.15.-RFAL PART oF SECOND FFT'.qo..z3)
K - .7 NN 64 J= I'NPT§ . — sc -

64 WORK(J) =REAL(XLI)Y, _ :
, - gCALL PLOTA(NIRK NPT, DELX YSTZE, XLEN, YMAX . YMIN, IN,IBOX,INC,nf)

-~ TAKE EXPONENTIAL  OF ARRAY X o ST .
; o DN A0 J= l.npxq ) ) _ T AP
T .60 XTJI=CEXP(X(J)) : oo s ' : '
2 * IF(ITYPE.EQ. 2160 TO 150 ] . .
\ GO T0 (150, 1600, TS . ) : o
] .\ 160 DO 170 J=],NPFS IR A S
A . REALP=—REAL(X(J)) - : .
- Auﬁfﬁf AT=~ATHAGEX()) . TR N
L2 ATl 170 XOJ)=CMPLX(REALP,AT) I
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- - . . - It
R - ) A
- ) A’ - . ?
? 3 - . K - §
155 ConTIamE ; ¢ - 3;
T ° « TAXF [FFT OF ARRAY X ’ BN e
; CTALL NLOGN(X,NPTS,41.0) ; e T
e PL OT RFAL PART 0F $Eu0ND IFFT (ourpur . ) -
. TYS1rE=2. . . L ; . T
. S L= U - ’ S LT ~
: 1anx=> . . ) S - T . ]
: YMAX =T MAX e~ : o .. L W L
: "YMIN=TRIN e T o E 7 . L e
) XORTG=YSTZE+1. T L . . s
-+ - CALL ORIGIN (XORIG,0.) L, . . A,
6N 10 (791,792,193)51TYPE, -
;'_701 CALL. LETTER(D. 25,0..0'15.'REAL PART OF SECOND IFFT (SHORT PASS our
| . 1PUFI,90.544y o - - o Lo . .
1 GO TN 794-. - : : : 0
I 792 caLt LeTTER(O, zs.o..o.‘;.-nsnl PART OF' SECOND IFET (LONG PASS nurp .
. . tur)-.qo..41) —_ .- s, - :
o 7 gn To 794 : v ' ’ L
.. 193 cALL !FTTFR(p.ZS.O..O 15, "REAL” PART Of SECOND IFFT (cows OUTPUT) *,
=l 19000381 X _ . . - N P
;. 794 CONTIMUE . Lot R A
1 DO 62° J=1,NPTS - . e AP Se
4 2 WRK(IY=REALIXENY N L e . o . R
y TF(ITYPE.EQ.2Y GO TO st e s \\, T « =3
L. ‘0’ 760 J= I‘LPTS ‘ A - T~ . e
Ad== SRR b:’ X - . . . C
760" WORK.(J)= WORKTSVE(ALPHAS$AT) - . 2o ° - - —
GO 70 686 . T . R ¥
.68% IN=0 . e . - o - o
. K=1 ‘ ' ) ) oL i o L
DO 687 J=1,LPTS , ° L S ' oo
?, TF(MORK( J1.GT, 0.5) 6O TO 688 < R o
hd K’l' ‘ T ' . -
" .6HR CONTINUE . " , ¢ ¢ - o ‘ \\"? "L
. . WRITF16,690) K - - ' " -
.+ 690" FORMAT (/7 X5 INITIAL POINT. FOR UNWE IGHTING LONG pass ourpur 2, P
- 1110) . , Ei . s
L=LPTS¥K-1 .- - i S . ‘ ‘
M0 .. - .. _ C ce ,
DN 689 J=K.L B e
: ~-M-—M+1 : . . . . . ) . '
A ~ . \ - & o ! .
AJ==M . _ ot - -’
689 WORK { f1= HORK(J)*(ALPHA*‘AJ) oL e " . }
, 686 CONTINUF | ' e

- CALL PLOTA(WORK, KPTS,AELX, ,YSIZE ¢ XLEN, HAX.YMIN.IN.taox,INQ.DT) !
. - CALL-WRCP(IDOUT,WORK NPTS.I.I.!D V. DATE, NAME, AUH) T ) %.,
CINOT= 1NOUT +1 . /] : /

’ N L.
"+ IF{ITYPE,FQ.2)/60 TO 888 K Ve . : ’
C° ' PLOT .TRACE (JNPUT STGNAL MINUS OUTPUTY , A :
’ ! Y§[7F ?' ) ) A ~ ° * / ’/.
t. R - lN , ¢’ , "s{}; .ot R . . // -
.7 ranx=) - o o ’

YUAX=T¥AX s/ ‘ T o S
- N S :

ol A D NL - A v . ' services group
. . i . v




NI AT TR

AT A AR

SV RNE TRy &%

 SekAB T Y A

-

T g+ vt b, e S -

B VP G NI

i

YMIN=THIN .o s /(

XOﬂthYQIIFGI. ) T s ..

- . 3

CALL ORIGIN (XNRIG,Q.) SRRt

- CALL LFTTER(O. 25, O..OalSo'INPUT SIGNAL HINUS OUTPUTinO.oZSl )

81

4

"1

T CALL PIHRA(TEHP KPTS'AELX,YSI{;§}L N,YHAX'YHIN IN, IBOX, INC,DT) '

N 81 J=1,NPTS, -
TEMP(J )= TRACE(J) -WORK(.J) . -

- CALL: HRFP(IDDUT,TFNP-N’TS.I'IQ
!DOUT-IDUUT&I

>

SchATE.NAHE\AUH’

~

888 CONTINUE -

CALL TTASK(T?2) ' o : -
WRITE(6,8889) IFILT,T? * - - o

© . RBR9.FNRMAT(//, IXo*TIME4I5,* FILTERS. *,610.0,* SECONDS®) ] o
999 €O . ' ' '

INUF - . . L ,
L nalsxnta..o.), - : oL '

NTINUE : SR | ) 0 7

CALL FNDPLT - . " ° , T o
- CALL NN1OO S

'sTOP \ . : . .
ND N { ’ N
SUBROUTINE PLOTA(DATA, NPTS DELX,YSIZE.XLEN.YHAX.YMIN.IN,IBOX)INC. -
pTY - .y

&

‘DIMENS ION DATA(I) . A - =

CALL RLOKNQ -
XLEN=(NPTS-1)*0ELX*INC*DT .

TF(IN.EQ.1) GO TO 10 ) 4
YMAX=DATA(1) . . ) : . -

_YMIN=DATA(1) oo . //

- TFYMIN.GT. 0..0R.

NN 1 J=2.NOTS . :
TF(NATA(L).6T.YMAX) YMAX=DATA(J). A .
TFIDATA(JV.LT.YMIN) YMINSDATACSY . . . :
SE=YSTZE/{ YMAX=YMINY V L
TFCIBOX.FO.1§ CALL SQUARE(- YSIZE.GL.O.'XLEN) - .
N=6 , : Lo
no 4/ g=1,7 . — R f .
TF(ABS (YMIN®10%#N) .(T.8400000.) GO TO S % . - 1
N= Nfl ? et e ’ . \

GO T0 6 P N .
CALL RIGHT (0440416041, YMIN,90.sN)

MAX.LT.0.) GO TO 2
ZERQ=YMI N*SF’
catiL R!GHTJ(ZFRU.O.'O,f‘0~0196.41j .
CALL PLOT(ZERO,0.}3) . .
CAIL DASHIZERD, XLEN, ,0.1,G.1) .
Nz . b

YT d=1.T7 ‘

FLABS (YMAX#10%#N).LT,8400000.) 6o T0 8
N=N-1 .
GO 70 9

. CALL RIGHT)(-YSIZE 0.+0% loYHAXv90.'N\

SFA=-SF _ . |

A7r0. ] ) .

) . A-15 . ’ services QI’OI.'IP
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-

> . - P DL e e et e n =

7 - “,
- ’ 9,

Ak=(DATACL)-YMINISSFA ~~ .
- CALL PLOT(AX,AY,3) . :
" D0 3 y=2,NPTS - ot
AY= (- 1) SDELXSINCSDT  ~ o : .
| AX={DATA(J)-YMIN)*SFA : e
3 CALL PLOT(AX.AY.?) .. : : ‘
© RETURN. . . - .
END . :
SUBROUT INE. NLOGN l!.LX.S!rN’
SUBRDUTINE NLOGN COMPUTES THE DISCRETE FOURTER TRANSFORM BY: THE
N LOG N METHOD NR- THE FAST rouaten Tnuusronn METHOD-

FE

.

rWE\Aarunsnrs ARE ' ¢ : )
N - WHERE 2%sN IS THE Nunesn OF TERMS IN THE X' ARRAY .
X - THF ARRAY OF COMPLEX ‘NUMBERS FOR - aorn INPUT AND QuToUT,
SIGN EITHER -1.0 OR 41.0
{X COMPUTED AS 2%sN
NMAX=1 ARGEST VALUE OF N TO BE Paocessen
nnnounnv DIMENSTION MENMAX)
FOR EXAMPLE, IF NMAX=2S THENM
.~ DIMFNSTON M{25) '
) DIMENSION . X(1} R : co.
COMPLEX X.HK.HOLD.O’ T - e s .0
FLX=LX e - )
. ILK=1 - ) v - .
P PO 3380 I1=1.25, . ) o : o -
| IF (LX.LE.ILK) GO TO 3381 P C o
/ .. " N=1 - Co. ' . ’
/3380 ILX=ILK*2 . . /9 o
, 3381 CONTINUF : - '
nn 1 "l' . . ’ . . ' '.
1 MEp) =288 (N-T) : ¢ _ Ve
T DO 10 L=i.,N ° . «
. NALOCK=2%%(L-1) . : . v
-  LBLNCK=LX/NBLOCK . . -
’ LAHALF=LBLOCK/2

ﬁnn‘nnnnn:‘wnnﬁ

K=0 . . " o {
DO 11 1BLOCK=1,NBLOCK - -
FK=K . ‘ : 2o " .
L Y=SIGNXS,2831853%FK/FLY -
WK=CMPLX(COS(V),SIN(V)) \~ S
ISTART=LBLOCK*(IBLOCK-1) - o
. DO 2 T=1,LBHALF .
o JuISTART#]
, JH= J4L BHALF : N
A Q=X JH) #WK : L , .
X(JH)I=X{J)-0 \ ¢
: X{JA=X(J)+0 s ' ’
Si o+ 2 CONTINUE - . _ -
; " DO, 3 I=2,N y
‘ el - ¢ :

TFIK.LT.M(I)) GO 4 . )//
3 K=K-M(T) N . ,

b

Q

A-16 - ., , . services group ‘ Lt
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.
l(go

.
"\-
Ly
»
A

; & k=kEWTITY
i 11 CONTINUF
10 'CONTINUF Ca -

. ‘DN 7 J= I.Lx
IF(K.LT.J)60 1O 5
HOLD=X(JY.
S x(Jféx(x+1)
. . X{K+1)=HOLD
5 N0 6 1=1,N B
. T11=1
IFIK.LT.M(I)) GO TO 7
. 6 K=K- v(x?
7 KSK+M{ITY < -
IF(SIGN.LT.0.0) RETURN
DO 8 f=1.LX-
8 X{I)=X(T}/FLX .
RETURN -
END

- ltwnpl)
. . /DIMFNSTON : X(lJ.HORK(I!.CUR(l).
: COMPLEX X
L, “ ISUB=NPTS/?

. . IF{ INDEXA.EQ.1) GO 10 40

F o WORK(1)=0.0
: ‘ X(l!’CHPLX(CLIP.wORK(I)l
g 0t ! WORK(2)=0.0
o - x(;)-canX(CLtp.uokx(z))
Gh .TH 42

"40- CONTINUE
4? CONTINUF

“

k)

. » % COR(?)= .
DO 25 LL 3.,15U8 . °
IF(LL.LE. INﬂEXA) G0 TO 30
IF(LL.GT.INNEXR)-GO TO 30" .
CTFILL.LEVINDEXA+42). GO 1D .410
. YHAT=2*WORK(LL~-1')-WORK(LL-2)
'XHOD‘AMOD(YHAT.TVOPI) a
IF{XMOD.GT.RI) XMOD=XMOD-THOP.L
[F{XMOD.LE.=PT) XMﬂD‘XNDD*THOPI
PHA= WDRK(LLY .
‘NIFE= ABS(XMUD -PHA
SIGN=+1. 4
TF(PHA. -XMOD.LT. 0.1 9! -1 °
4 IFIDIFF.LT.PI) HORK(LL) YHAT+PHA
AF(DIFF.GT.PI) “ORK(LL! YHAT4+PHA
COR(IL)=PHA —-WORK(LLY

RX=REAL (X (LL)) ;%/ »
X(LL)=CMPLX (RX ¢ HORK (/L)) .
r 60 10 25 A,

410 COR(LL)=0, . '
y  RXSREALLXC(LLIY . <

4

L “K=0. ] . ..

GGR(lizo, T o .

~

(" t’
-XNOD
-XHOD-(THDP!*S!GN)

- SUBROUT INE AARON(X'HURK COR'INDEXA,!NDEXB.CLIP.NPTS,TEND,PI'

&
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. Iy .. > .
sc ’ \J .
. . ~ ’
- o . i)
, {@‘ — .
. X(LL) ruPLmvax HORK(LL)) . , o
60 1O 2% : ' .
" 30 WNRKILL)=0.0 - ) . .
COR(LL)=0. ’ ,
X{LL)= CHPLX(CLIP.HORK(LLLJ T o
25 CONTINUE ' ' , *

!FHNDFXB LE.ISUB) X(?XEND)-CHPLX(CLIPyHORK([END))
COR(IEND)I=D,

RETURN o 8 _

END

SUBROUT [NESCAAFR (X o WORK o COR :INDEX A, INDEXB. CLIP, NPTS, TEND,P1,
1TH0P T, TF ) .
nxnqurnu X(1)., HnRK(l).COR(l).TENP(l) ] :

- COMPLEX X A7 S

- ISUR=NPTS/2 . ) :

‘EP=4.8 o N -V

EP=1 . .
EP=TWNPI~EP’ s
INDEXA=1.
INDFXB=1END \ ' , _ e
THES ROUTINF ALLOWS NO CLIPPING R
COR{1)=0. : ,
TEMP(1)=0. o o

00 15 J=2,1SUB

COR(J)=COR(J=1)

DTFF=NORK ( J) -WORK( J=1) .

{F(DIEF.GT.EP )} COR(J}=COR(J-1)-THOPT
IFIDIFF.LT.~EP) COR{J)=COR(J-1)+TWOPI

TEMP(J 1=WORK (J)+COR(J)

DO 20 J=1,1S08

COR(J) ==COR(JY ° L,
REALP=REAL(X(J)) , I
WORK( ) =TFMP(J) e ~ )
X(J)=CMPLX (REALP,TEMP(J)) -~ - e -
COR(IFND) =0 - : C
RETURN . = ‘

END

-

. [
0 \ s «
°

+

services group
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